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Description

[Technical Field]

[0001] The present disclosure relates to a method for
driving a luminescent device, and more particularly , to
a method for driving a luminescent device wherein a
charge trapping layer and an organic luminescent layer
are formed between conductive layers.

[BACKGROUND ART]

[0002] An organic electroluminescent device, which is
considered as a promising next-generation flat panel dis-
play to replace a liquid crystal display (LCD) and a plasma
display panel (PDP), generally includes multi-layered or-
ganic compounds of illuminants, and emits light as a cur-
rent flows when a voltage is applied thereto. Such an
organic electroluminescent device is also called an or-
ganic electroluminescent display (OELD) or an organic
light emitting diode (OLED).
[0003] While an LCD displays an image by selectively
transmitting light and a PDP displays an image through
plasma discharge, an OLED displays an image through
electroluminescent mechanism. That is, an OLED in-
cludes two electrodes, i.e., cathode and anode, and an
organic luminescent material interposed therebetween,
and emits light in such a way that holes and electrons
are injected into an organic luminescent layer from the
anode and cathode, respectively, and then recombined
with each other to create a recombination energy stimu-
lating organic molecules. Such an OLED is being popu-
larly applied to small-sized displays because it is self-
luminescent and also has several advantageous merits
such as wide viewing angle, high-definition, high-quality
image and high response time. In particular, the OLED
is being focused as next-generation displays for televi-
sions and flexible displays.
[0004] Recently, an active matrix organic light emitting
diode (AMOLED) is being predominantly used among
various OLEDs because it adopts an active driving meth-
od capable of individually controlling pixels that are min-
imum units forming a screen. In the AMOLED, a scanning
line is formed in one direction, and a signal line and a
power supply line are formed in another direction cross-
ing the one direction, and thereby one pixel area is de-
fined. A switching thin film transistor (TFT) connected to
the scanning lines and the signal lines, a storage capac-
itor and a driving thin film transistor are formed in the
pixel area. The storage capacitor is connected to the
switching thin film transistor and the power supply line,
and the driving thin film transistor configured to supply
current is connected to the storage capacitor and the
power supply line. And the OLED is formed to be con-
nected to the driving thin film transistor.
[0005] In the AMOLED that supplies current through a
TFT, carrier mobility becomes poor if an active layer used
as a channel of the TFT is formed of amorphous silicon.

Accordingly, polysilicon is used for the active layer be-
cause it has a high carrier mobility of 10 cm2/Vsec or
more. However, a fabrication process of a polysilicon TFT
is performed at a very high temperature, which makes it
difficult to fabricate a flexible display.
[0006] Since a glass substrate used to fabricate the
TFT is deformed at a high temperature of 600 °C or more,
a low temperature polysilicon (LTPS), which is obtained
by crystallizing amorphous silicon at a low temperature,
has been proposed to form polysilicon. To crystallize the
amorphous silicon, an excimer laser annealing (ELA)
process has been suggested. According to the ELA proc-
ess, however, an overlap region onto which laser is du-
plicately irradiated may appear so that the overlap region
differs in crystallization degree from other regions where
laser is not duplicately irradiated. This leads to a de-
crease in stability. For example, current amount of a TFT
may be varied depending on device characteristics
changed by crystallization degree. In particular, the cur-
rent amount of the TFT may be varied depending on
threshold voltage difference. Further, each TFT has a
different grain boundary, and thus has nonuniform elec-
trical properties.
[0007] Amorphous silicon or polysilicon should be
formed in a typical display because the typical display
employs TFTs. Further, a TFT configured to compensate
for a current should be formed because an OLED is driv-
en by a current. Because four or six TFTs should be used
at present, a fabrication process becomes too complicat-
ed and fabrication cost is increased. Moreover, the TFT
decreases an aperture ratio in a bottom emission type
device so that the aperture ratio is considerably reduced
to 30-50%.
[0008] A related art display has only one current level,
and thus a voltage should be divided into 64 levels to
realize 64 gray scale levels using only one current level.
However, the related art display has a limitation in that it
is difficult to realize a desired gray scale if a dividable
voltage level is too narrow.
[0009] Document WO 02/37500 A1 describes a lumi-
nescent device and a method for driving the same, the
luminescent device comprising: first, second, and third
conductive layers spaced apart from each other; an or-
ganic luminescent layer provided between the first and
second conductive layers, the organic luminescent layer
generating light through the recombination of holes and
electrons; and a charge trapping layer provided between
the second and third conductive layers, the charge trap-
ping layer having bistable conductance and negative dif-
ferential resistance (NDR) characteristics and allowing
charging and discharging.
[0010] A light emitting device is disclosed in Tseng et
al., "Nanoparticle-induced negative differential resist-
ance and memory effect in polymer bistable light-emitting
device", Appl. Phys. Lett., Vol. 88, 2006, 123506. Mem-
ory devices are disclosed in WO 02/37500 A1 and in
Liping et al., "Nonvolatile electrical bistability of organ-
ic/metal-nanocluster/organic system", Appl. Phys. Lett.,
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Vol. 82, No. 9, 2003, 1419-1421.

[Disclosure]

[Technical Problem]

[0011] It is an object of the invention to provide a meth-
od for driving a luminescent device capable of improving
a process efficiency and operating speed as well as an
aperture ratio of a luminescent device without using a
thin film transistor.
[0012] The method for driving a luminescent device is
also capable of improving an aperture ratio and operating
speed and easily controlling a gray scale of the lumines-
cent device.

[Technical Solution]

[0013] This object is achieved by the method for driving
a luminescent device having the features according to
independent claim 1.
[0014] The luminescent device may further include at
least one of a hole injection layer and a hole transport
layer disposed between the organic luminescent layer
and one of the first and second conductive layers. The
luminescent device may further include at least one of
an electron transport layer and an electron injection layer
disposed between the organic luminescent layer and an-
other one of the first and second conductive layers.
[0015] The charge trapping layer may include an or-
ganic layer. The charge trapping layer may further in-
clude a nanocrystal layer having a plurality of nanocrys-
tals existing in the organic layer. The nanocrystal layer
may further include a barrier layer surrounding the plu-
rality of nanocrystals. The nanocrystals may include at
least one of aluminum (Al), magnesium (Mg), zinc (Zn),
nickel (Ni), iron (Fe), copper (Cu), gold (Au) and silver
(Ag), or an alloy thereof. The barrier layer may include
an oxide, or an organic material.
[0016] The organic layer may include at least one of a
low-molecular organic material and a high-molecular or-
ganic material.
[0017] The luminescent device performs a program
operation, an erase operation or a read operation de-
pending on a level of a voltage applied between the first
conductive layer and the third conductive layer. The lu-
minescent device emits light during the read operation.
[0018] An absolute value of an erase voltage is set
greater than an absolute value of a program voltage, and
an absolute value of a read voltage is set smaller than
the absolute value of the program voltage.
[0019] The program voltage, the erase voltage and the
read voltage may be positive voltages or negative volt-
ages.
[0020] Program voltages with different levels may be
applied between the first and third conductive layers to
perform the program operation, and the program voltag-
es are selected from a range of a threshold voltage of

the luminescent device or higher and not greater than an
NDR region existing in the luminescent device, and driv-
ing currents required for light-emitting operation of the
luminescent device with a plurality of levels are output
during the read operation depending on the levels of the
program voltages.
[0021] Read voltages with different levels may be ap-
plied between the first and third conductive layers to per-
form the read operation, and the read voltages are se-
lected from a range less than the threshold voltage of the
luminescent device, and driving currents required for
light-emitting operation of the luminescent device with a
plurality of levels are output during the read operation
depending on the levels of the read voltages.
[0022] The luminescent device may be a bottom emis-
sion type or a top emission type luminescent device. The
luminescent device may further include a flexible sub-
strate.

[Advantageous Effects]

[0023] As described above, in accordance with the ex-
emplary embodiments, it is possible to drive a lumines-
cent device with a simple structure, thus improving proc-
ess efficiency and reliability of the device. Furthermore,
since a TFT is not required in a display if the display is
implemented by the use of the luminescent device from
the exemplary embodiments, an entire device can be uti-
lized as a display. This allows an aperture ratio to be
increased to nearly 100%.
[0024] Also, in accordance with the exemplary embod-
iments, programming, erasing and reading speeds of a
luminescent device are in the range of several nanosec-
onds to several tens of nanoseconds, and thus an oper-
ating speed of the device can be improved significantly.
[0025] Further, in accordance with the exemplary em-
bodiments, the method for driving a luminescent device
has a variety of current levels depending on a program
voltage and a read voltage. Accordingly, it is possible to
realize 256 gray scale levels using such a variety of cur-
rent levels.
[0026] Moreover, in accordance with the exemplary
embodiments, since the method for driving a luminescent
device has low power consumption and a temperature
increase is very small accordingly, a flexible display can
be implemented. Also, it is possible to realize a wearable
display that can be worn on the human body because
the luminescent device is formed of almost only organic
materials.

[Description of Drawings]

[0027] Exemplary embodiments can be understood in
more detail from the following description taken in con-
junction with the accompanying drawings, in which:

FIG. 1 is a cross-sectional view of a luminescent de-
vice from an exemplary embodiment;
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FIG. 2 is a cross-sectional view of another lumines-
cent device;
FIG. 3 is a graph illustrating an operating speed of
a luminescent device from an exemplary embodi-
ment;
FIGS. 4 and 5 are graphs illustrating current versus
voltage characteristics of a luminescent device em-
ploying AIDCN depending on a positive voltage and
a negative voltage, respectively, in accordance with
an exemplary embodiment;
FIG. 6 is a graph illustrating retention characteristics
of the luminescent device employing AIDCN;
FIG. 7 shows cross sectional views of the lumines-
cent device employing AIDCN;
FIG. 8 is a graph illustrating current versus voltage
characteristics of a luminescent device employing
α-NPD in accordance with another exemplary em-
bodiment;
FIG. 9 shows cross sectional views of the lumines-
cent device employing α-NPD;
FIG. 10 is a graph of current versus voltage illustrat-
ing luminescent properties of the luminescent device
employing α-NPD;
FIGS. 11 and 12 are a graph and an image illustrating
luminescent states of the luminescent device em-
ploying α-NPD;
FIG. 13 is a graph illustrating current versus voltage
characteristics of a luminescent device employing
hydroxyquinoline aluminum (Alq3) in accordance
with yet another exemplary embodiment;
FIG. 14 is a graph illustrating current versus voltage
characteristics of the luminescent device employing
Alq3 depending on a positive voltage and a negative
voltage;
FIGS. 15 and 16 are a graph and an image illustrating
luminescent states of the luminescent device em-
ploying Alq3;
FIGS. 17 through 20 are cross-sectional views illus-
trating a method of manufacturing a luminescent de-
vice;
FIG. 21 shows cross sectional views illustrating a
method of forming a nanocrystal layer in the method
of manufacturing the luminescent device of FIGS.
17 through 20;
FIGS. 22(a) through 22(c) are cross-sectional views
illustrating another method of manufacturing a lumi-
nescent device;
FIGS. 23(a) through 23(c) are cross-sectional views
illustrating yet another method of manufacturing a
luminescent device; and
FIG. 24 illustrates a method of forming an organic
layer in the method of manufacturing the luminescent
device of FIG. 23.

[Best Mode]

[0028] Hereinafter, specific embodiments will be de-
scribed in detail with reference to the accompanying

drawings. The present invention may, however, be em-
bodied in different forms and should not be construed as
limited to the embodiments set forth herein. Rather, these
embodiments are provided so that this disclosure will be
thorough and complete, and will fully convey the scope
of the present invention to those skilled in the art.
[0029] FIG. 1 is a cross-sectional view of a luminescent
device from an exemplary embodiment. Specifically,
FIG. 1 illustrates a bottom emission type luminescent de-
vice.
[0030] Referring to FIG. 1, an organic luminescent lay-
er 120 is disposed between a first conductive layer 110
and a second conductive layer 130, and a charge trap-
ping layer is disposed between the second conductive
layer 130 and a third conductive layer 170. The lumines-
cent device from this embodiment includes the first con-
ductive layer 110, the organic luminescent layer 120, the
second conductive layer 130, a first organic layer 140, a
nanocrystal layer 150, a second organic layer 160, and
the third conductive layer 170, which are sequentially
stacked over a substrate 100. Therefore, the first organic
layer 140, the nanocrystal layer 150 and the second or-
ganic layer 160 form the charge trapping layer. At least
one of a hole injection layer and a hole transport layer
may be further provided between the first conductive lay-
er 110 and the organic luminescent layer 120. Likewise,
an electron injection layer may be further provided be-
tween the organic luminescent layer 120 and the second
conductive layer 130.
[0031] The substrate 100 includes a light-transmitting
substrate. For example, the substrate 100 may include
an insulation substrate, a semiconductor substrate, or a
conductive substrate. More specifically, the substrate
100 may include at least one of a plastic substrate (PE,
PES, PET, PEN, etc.), a glass substrate, an aluminum
oxide (Al2O3) substrate, a silicon carbide (SiC) substrate,
a gallium arsenide (GaAs) substrate, a gallium phosphide
(GaP) substrate, a lithium aluminum oxide (LiAl2O3) sub-
strate, a boron nitride (BN) substrate, an aluminum nitride
(AlN) substrate, a silicon-on-insulator (SOI) substrate,
and a gallium nitride (GaN) substrate. When a semicon-
ductor substrate or a conductive substrate is used as the
substrate 100, an insulator should be provided between
the first conductive layer 110 and the substrate 100 to
insulate them from each other. In addition, a flexible sub-
strate may be used as the substrate 100, which makes
it possible to realize a flexible display or a wearable dis-
play.
[0032] The first conductive layer 110, which serves as
an electrode for supplying holes, is formed of a transpar-
ent metal oxide having a high work function and allowing
light to be emitted outside the device. For instance, the
first conductive layer 110 is formed of indium tin oxide
(ITO) to approximately 150 nm thick. In addition to the
ITO, the first conductive layer 110 may be formed of
chemically-doped conjugated polymer including polythi-
opene with excellent stability. Alternatively, the first con-
ductive layer 110 may be formed of a metallic material
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with a high work function. In this case, it is possible to
prevent the reduction in efficiency through non-radiative
recombination at the first conductive layer 110.
[0033] The organic luminescent layer 120, which func-
tions to generate light through the recombination of holes
and electrons, is formed to approximately 60 nm thick
using a high- or low-molecular material. The low-molec-
ular material used as the organic luminescent layer 120
may include hydroxyquinoline aluminum (Alq3) or the
like, and the high-molecular material used as the organic
luminescent layer 120 may include poly(p-phenylenevi-
nylene) (PPV), poly(thiophene)s ((PTh)s), Cyano-PPV,
poly(p-phenylene) (PPP) and poly(fluorene)s). As de-
scribed above, a hole injection layer and a hole transport
layer may be further provided between the first conduc-
tive layer 110 and the organic luminescent layer 120. The
hole injection layer may be formed to approximately 20
nm thick using copper phthalocyanine (CuPc), and the
hole transport layer may be formed to approximately 40
nm thick using a low-molecular material such as α-NPD
or a high-molecular material such as poly(n-vinylcarba-
zole) (PVK). Likewise, an electron transport layer and an
electron injection layer may be further provided between
the organic luminescent layer 120 and the second con-
ductive layer 130. The electron transport layer may be
formed of Alq3, and the electron injection layer may be
formed of lithium fluoride (LiF). Herein, the electron trans-
port layer and the electron injection layer may be formed
to approximately 0.5 nm thick, respectively.
[0034] The second conductive layer 130, which serves
as an electrode for injecting electrons into the organic
luminescent layer 120, may be formed of a material with
electrical conductivity to a thickness ranging from approx-
imately 20 nm to approximately 150 nm. The second con-
ductive layer 130 may be formed of a metal having low
electrical resistance and excellent interfacial properties
with a conductive organic material. For instance, the sec-
ond conductive layer 130 may be formed of aluminum
(Al), silver (Ag), gold (Au), platinum (Pt) or copper (Cu).
Particularly, the second conductive layer 130 may be
formed of a metal with a low work function so as to
achieve high current density in electron injection by low-
ering a barrier between the organic luminescent layer
120 and the second conductive layer 130. Hence, the
second conductive layer 130 may be formed of Al, which
is relatively more stable in air.
[0035] The first organic layer 140 may be formed in a
thickness range of approximately 5 nm to approximately
50 nm using a high- or low-molecular material. The high-
molecular material may include PVK or polystyrene (Ps),
and the low-molecular material may include at least one
of AIDCN, α-NPD and Alq3. The first organic layer 140
may have bistable conductance, that is, two conductance
states at the same voltage.
[0036] The nanocrystal layer 150 maintains program
or erase state of the luminescent device through charging
or discharging. The nanocrystal layer 150 includes na-
nocrystals 151 and a barrier layer 152. The nanocrystals

151 may be formed of at least one of aluminum (Al), mag-
nesium (Mg), zinc (Zn), nickel (Ni), iron (Fe), copper (Cu),
gold (Au) and silver (Ag), or an alloy thereof. The barrier
layer 152 surrounds the nanocrystals 151, and is formed
of an oxide. For example, the nanocrystals 151 may be
formed of Al, and the barrier layer 152 may be formed of
AlxOy. The nanocrystal layer 150 may be formed by de-
positing metal in an evaporation deposition chamber and
oxidizing it. The nanocrystal layer 150 may have a mon-
olayered structure, or a multi-layered structure. When
the nanocrystal layer 150 has the monolayered structure,
it may be formed to a thickness ranging from approxi-
mately 1 nm to approximately 40 nm. When the nanoc-
rystal layer 150 has the multi-layered structure, one to
ten monolayered crystal layers may be stacked in se-
quence.
[0037] Similarly to the first organic layer 140, the sec-
ond organic layer 160 may be formed in a thickness range
of approximately 5 nm to approximately 50 nm using at
least one of a high-molecular material such as PVK and
Ps, and a low-molecular material such as AIDCN, α-NPD
and Alq3.
[0038] The third conductive layer 170 serves as an
electrode for accumulating charges in the nanocrystal
layer 150. Similarly to the second conductive layer 130,
the third conductive layer 170 may be formed in a thick-
ness range of approximately 2 nm to approximately 80
nm using all the materials with electrical conductivity. In
particular, the third conductive layer 170 may be formed
of Al.
[0039] A thickness of each of the layers in the lumines-
cent device from this embodiment is merely illustrated
for convenience in description, and thus it is not limited
thereto.
[0040] In the luminescent device from this exemplary
embodiment, the organic luminescent layer and the or-
ganic layer may be formed through the combination of a
high-molecular material and a low-molecular material.
That is, it is possible to manufacture the luminescent de-
vice by respectively forming the organic luminescent lay-
er and the organic layer of a high-molecular material and
a high-molecular material, a high-molecular material and
a low-molecular material, a low-molecular material and
a high molecular material, or a low-molecular material
and a low-molecular material. Here, the high-molecular
material of the organic luminescent layer may include
PPV, (PTh)s, Cyano-PPV, PPP, poly(fluorene)s, or the
like, and the low-molecular material may include Alq3 or
the like. The high-molecular material of the organic layer
may include PVK or Ps, and the low-molecular material
may include AIDCN, α-NPD or Alq3.
[0041] In the luminescent device from the exemplary
embodiment, the nanocrystal layer 150 is shaped such
that the barrier layer 152 surrounds the nanocrystals 151.
That is, the nanocrystal layer 150 is formed through ox-
idation of metal elements. However, the present inven-
tion is not limited thereto, and thus the nanocrystal layer
150 may be formed in various ways. For example, a first
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barrier layer, a metal layer and a second barrier layer
may be formed between the first and second organic lay-
ers 140 and 160, and then cured to thereby form the
nanocrystal layer 150 where the nanocrystals are sur-
rounded by the barrier layer. Alternatively, the nanocrys-
tal layer 150 and an organic layer may be formed by
forming an organic material wherein nanocrystals sur-
rounded by the barrier layer are dispersed. Various meth-
ods of forming the nanocrystal layer 150 will be described
later.
[0042] Although FIG. 1 illustrates the bottom emission
type luminescent device, the luminescent device where
the organic luminescent layer and the organic layer are
stacked may have a top emission type structure. Refer-
ring to FIG. 2, the top emission type luminescent device
may be manufactured by forming a first organic layer
140, a nanocrystal layer 150 and a second organic layer
160 between a first conductive layer 110 and a second
conductive layer 130, and forming an organic lumines-
cent layer 120 between the second conductive layer 130
and a third conductive layer 170. Here, the first and sec-
ond conductive layers 110 and 130 may be formed of a
material with electrical conductivity, for example, Al. The
third conductive layer 170 may be formed of a transparent
conductive material, for example, a transparent conduc-
tive oxide (TCO) such as indium tin oxide (ITO) and in-
dium zinc oxide (IZ0). The second conductive layer 130
serves as an electrode for supplying electrons, and the
third conductive layer 170 serves as an electrode for sup-
plying holes.
[0043] Alternatively, the top emission type luminescent
device may be implemented such that the second con-
ductive layer 130 serves as the electrode for supplying
holes, and the third conductive layer 170 serves as an
electrode for supplying electrons. In this case, the second
conductive layer 130 may be formed of a metal with a
high work function, for example, gold (Au). Alternatively,
the second conductive layer 130 may be formed of a
reflective metal and a transparent conductive material
with a high work function. The reflective metal may in-
clude Al, Al:Nd, Ag or an alloy thereof. The transparent
conductive material may include a transparent conduc-
tive oxide such as ITO and IZ0. A light-transmitting elec-
trode containing a metal having a lower work function
than the second conductive layer 130 may be used for
the third conductive layer 170. For example, the third
conductive layer 170 may be formed of at least one se-
lected from the group consisting of Mg, Mg:Ag, Ca,
Ca:Ag, Ag, Al:Ca, Al:Ag, Li:Mg and Li.
[0044] The luminescent device having the above-de-
scribed structure performs a program or erase operation
by charging or discharging the nanocrystal layer 150
when a program voltage or an erase voltage is applied
to induce a predetermined voltage difference between
the first and third conductive layers 110 and 170. When
a read voltage is applied after the program operation,
charges, i.e., electrons accumulated in the nanocrystal
layer 150 are injected into the organic luminescent layer

120, thus allowing light to be emitted from the organic
luminescent layer 120. The luminescent device from the
exemplary embodiment can rapidly operate at a speed
of several tens of nanoseconds, and has bistable con-
ductance and negative differential resistance (NDR)
characteristics. The luminescent device from the exem-
plary embodiment has a variety of current levels depend-
ing on the program voltage and the read voltage, which
makes it possible to realize a desired gray scale. Here-
inafter, characteristics of the luminescent device from the
exemplary embodiment will be described in detail.
[0045] FIG. 3 is a graph illustrating an operating speed
of a luminescent device from an exemplary embodiment.
Specifically, FIG. 3 is a graph of a current flow time meas-
ured after a voltage is applied to the luminescent device.
[0046] Referring to FIG. 3, it takes several tens of na-
noseconds for a current (B) to start flowing after a voltage
(A) is applied to the luminescent device. Therefore, the
program, erase, and read operations can be performed
at ultra-high speed of several tens of nanoseconds. Ac-
cordingly, the luminescent device can remarkably im-
prove its operating speed in comparison with a related
art active matrix organic light emitting diode (AMOLED)
of which pixel selection rate is 1/60 second. Further, there
is no image sticking so that the display quality can be
also enhanced.
[0047] FIG. 4 is a graph of current versus voltage (I-V)
characteristics when a voltage is applied to a luminescent
device in a forward direction using AIDCN for the first
and second organic layers 140 and 160 in accordance
with an exemplary embodiment, and FIG. 5 is a graph of
current versus voltage (I-V) characteristics when a volt-
age is applied to the luminescent device in a reverse
direction in accordance with the exemplary embodiment.
FIG. 6 is a graph illustrating retention characteristics of
the luminescent device. FIGS. 7(a) and (b) are micro-
graphic views of the luminescent device. The lumines-
cent device to be illustrated in FIGS. 4 through 7 has a
multi-layered structure including a first conductive layer
of a 150 nm-thick IT0 layer, a hole injection layer of a 20
nm-thick CuPc layer, a hole transport layer of a 40 nm-
thick α-NPD layer, an organic luminescent layer of a 60
nm-thick Alq3 layer, an electron injection layer of a 0.5
nm-thick LiF layer, a second conductive layer of a 80 nm-
thick Al layer, a first organic layer of a 30 nm-thick AIDCN
layer, a metal layer of a 20 nm-thick Al layer, a second
organic layer of a 30 nm-thick AIDCN layer, and a third
conductive layer of a 80 nm-thick Al layer.
[0048] An oxygen plasma treatment is performed on
IT0 of the first conductive layer 110 and Al of the nanoc-
rystal layer 150. The oxygen plasma treatment for the
first conductive layer 110 is performed for approximately
30 seconds to clean the first conductive layer 110 and
reduce a work function, and the oxygen plasma treatment
for Al is performed for approximately 300 seconds to form
the nanocrystal layer 150.
[0049] Referring to FIG. 4, when a predetermined volt-
age is applied to the first and third conductive layers 110
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and 170 of the bottom emission type luminescent device
where AIDCN is used for the first and second organic
layers 140 and 160 and Al is used in the nanocrystal layer
150, the luminescent device has various current levels
within a predetermined voltage range. That is, when an
anode is connected to the first conductive layer 110 and
a cathode is connected to the third conductive layer 170,
and then a voltage is applied to the first and third con-
ductive layers 110 and 170 in a forward direction while
increasing its voltage level continually, a current increas-
es according to an increase in a voltage until the voltage
reaches up to a predetermined level but the current de-
creases in spite of a voltage increase after the predeter-
mined level. Such a region where the current decreases
in spite of a voltage increase is called a negative differ-
ential resistance (NDR) region. Beyond the NDR region,
the current increases again according as the voltage in-
creases. For example, when the first and third conductive
layers 110 and 170 are respectively connected to an an-
ode and a cathode, and a voltage is applied in a forward
direction while continually increasing its voltage level up
to 10 V (see the plot 11 of FIG. 4), the amount of current
flowing through the luminescent device increases from
a threshold voltage (Vth) of approximately 3 V. As the
applied voltage increases, the current reaches the max-
imum level at a voltage (Vimax) of approximately 4.5 V.
Thereafter, the NDR region appears in a range between
approximately 4.5 V to approximately 6 V, during which
the current decreases as the voltage increases. When
the voltage exceeds the NDR region, the current increas-
es again from approximately 6 V as the voltage increases.
Therefore, a voltage at which the current increases again
beyond the NDR region, for example, 8 V, is an erase
voltage (Ve).
[0050] Accordingly, by the use of the current versus
voltage characteristics described above, it is possible to
set respective voltages required for program, erase and
read operations of the luminescent device, in accordance
with the exemplary embodiment. That is, the program
voltage may be selected from a voltage range of the
threshold voltage (approximately 3 V) or higher and not
greater than the NDR region (approximately 6 V), the
erase voltage may be selected from a voltage range be-
yond the NDR region (approximately 6 V), and the read
voltage may be selected from a voltage range below the
threshold voltage (approximately 3 V).
[0051] Further, in accordance with the exemplary em-
bodiment, a current with different levels flows through
the luminescent device during read operation depending
on a voltage level of the program voltage.
[0052] Referring to the plot 12 of FIG. 4, when the lu-
minescent device is programmed by a program voltage
(Vp) of 4.5 V and a voltage increased to 4.5 V is then
applied again, a current increases more than before. Re-
ferring to the plots 13 and 14 of FIG. 4, when 5.3 V and
6 V of the NDR region are respectively applied to program
the luminescent device and thereafter 5.3 V and 6 V are
applied again, the current has an intermediate level high-

er than the current level of the plot 11 but lower than the
current level of the plot 12. That is, it can be appreciated
that a current having a level higher than the current level
of the plot 11 flows when a read operation is performed
after the program operation. The current level of the plot
11 may be equal to a current level when a read operation
is performed after the luminescent device is erased.
[0053] Why such a phenomenon occurs will be de-
scribed below. In the luminescent device from the exem-
plary embodiment, the first and second organic layers
140 and 160 serve as a Schottky barrier, and the barrier
layer 152 serves as a tunneling barrier. Therefore, below
the threshold voltage, charges are not accumulated in
the nanocrystal layer 150 due to a difference in energy
level between the nanocrystal layer 150 and the first and
second organic layers 140 and 160, so that the amount
of current increases minutely. When, however, a voltage
applied between the first and third conductive layers 110
and 170 is higher than the threshold voltage (Vth) of the
luminescent device from the exemplary embodiment,
charges are accumulated in the nanocrystal layer 150 so
that the amount of current increases sharply. Thereafter,
the amount of current in the case where the charges are
accumulated in the nanocrystal layer 150 is several tens
to several hundreds of times the amount of current in the
case where the charges are not accumulated. When the
voltage applied between the first and third conductive
layers 110 and 170 has a voltage level in the NDR region,
the amount of current is lower than that of the case where
charges are partially charged or discharged in the na-
nocrystal layer 150 (i.e., the case of applying Vimax volt-
age) but higher than that of the case where charges are
not accumulated (i.e. the case of applying the erase volt-
age). When a voltage higher exceeding the NDR region,
i.e., erase voltage, is applied, the charges accumulated
in the nanocrystal layer 150 are discharged so that the
luminescent device changes to an uncharged state.
[0054] In other words, when the voltage applied to the
first and third conductive layers 110 and 170 is higher
than the threshold voltage, charges are accumulated in
the nanocrystal layer 150. This is because the charges
are tunneled through the barrier layer and trapped in the
nanocrystal layer 150. Beyond the threshold voltage,
therefore, a current increases sharply. Afterwards, when
the voltage continually increases to enter the NDR re-
gion, the charges are partially charged/discharged in the
nanocrystal layer 150. NDR phenomenon occurs due to
the electric field effect and partial charging/discharging
of the charges trapped in the nanocrystal layer 150 so
that the amount of current decreases although the ap-
plied voltage increases. When the voltage further in-
creases continually, the erase phenomenon occurs so
that the charges are not trapped in the nanocrystal layer
150 and further the charges trapped in the nanocrystal
layer 150 are tunneled through the barrier layer to move
into the organic layer. Accordingly, the charges trapped
in the nanocrystal layer are removed at near the erase
voltage, and the current increases as the voltage increas-
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es.
[0055] When a high program voltage selected from the
NDR region of FIG. 4 is applied, the nanocrystal layer
has a high resistance. This is because a current of the
nanocrystal layer is reduced compared to the case where
a relatively low program voltage selected from the NDR
region is applied. That is, from Ohm’ s law, i.e., R=V/I, a
current has a low level with respect to a high voltage in
the NDR region. Therefore, the application of high pro-
gram voltage causes the resistance of the nanocrystal
layer to be increased.
[0056] When a read voltage is applied after the high
program voltage is applied, the nanocrystal layer has a
low current level at the read voltage due to its high re-
sistance. On the contrary, when the read voltage is ap-
plied after the low program voltage is applied, the nanoc-
rystal layer has a high current level at the read voltage
due to a relatively low resistance.
[0057] As described above, a current flowing through
the luminescent device is set differently depending on a
level of the program voltage. Accordingly, a driving cur-
rent required for light-emitting operation may be differ-
ently set depending on the applied program voltage.
[0058] As such, since the NDR region exists in the lu-
minescent device from the exemplary embodiment, it is
possible to apply a voltage (i.e., program voltage) with a
plurality of levels used to accumulate charges in the na-
nocrystal layer 150. As the program voltages with the
plurality of levels are applied, it is possible to realize a
plurality of current levels, e.g., four current levels. Fur-
thermore, a current with different levels may flow depend-
ing on the read voltage in the luminescent device from
the exemplary embodiment. Consequently, compared to
the related art luminescent device where 256 gray scale
levels are realized using only one current level, the lumi-
nescent device from the exemplary embodiment realizes
256 gray scale levels using four current levels because
64 gray scale levels can be realized through one current
level, making it possible to achieve a gray scale effec-
tively. Here, the applied program voltage may be selected
from a range of the threshold voltage or higher and not
greater than a voltage of the NDR region. Since a slope
of a current-voltage curve is steep in a range between
the threshold voltage and the voltage Vimax, however,
gentle in the NDR region, the program voltage may be
selected from the NDR region to express accurate gra-
dation.
[0059] Referring again to FIG. 4, it can be observed
that there are four current levels at 2 V. That is, an on-
current (Ion) with a high current level (i.e., low resistance)
appears at the read voltage (Vr) after the program voltage
of 4.5 V is applied; intermediate currents (Iint1 and Iint2)
with intermediate current levels (i.e., intermediate resist-
ance) appear at the read voltage (Vr) after the program
voltages of 5.3 V and 6 V in the NDR region are applied;
and an off-current (Ioff) with a low current level (i.e., high
resistance) appears at the read voltage (Vr) after an
erase voltage (Ve) is applied. A ratio (Ion/Ioff) of the on-

current (Ion) with high level to the off-current (Ioff) with
low level (hereinafter, referred to as on/off current ratio
in brief) is approximately 1.23102, and a current differ-
ence between the on-current (Ion) and the off-current
(Ioff) is approximately 102 at the read voltage of 2 V.
Hence, if AIDCN is used for the first and second organic
layers 140 and 160, operation of the luminescent device
can be variously controlled using the program voltage
(Vp) in the range of 3 V to 6 V, the erase voltage (Ve) of
8 V, and the read voltage (Vr) of 2 V. The NDR region
exists between the threshold voltage and the erase volt-
age, and a program voltage with a plurality of levels can
be applied, which makes it possible to obtain a plurality
of current levels in a read operation. Therefore, a multi-
state gray scale can be easily realized using the plurality
of current levels. For example, since a four-state gray
scale can be realized when the on/off current ratio
(Ion/Ioff) is approximately 1.23102, 8, 16 or 256 gray
scale levels can be achieved by adjusting the on/off cur-
rent ratio (Ion/Ioff). In the related art luminescent device,
however, there is only one current level, and thus a volt-
age should be divided into 64 levels in order to achieve
64 gray scale levels using the one current level. Further-
more, if a divisible voltage level is small in the related art
luminescent device, there is a limitation in realizing a gray
scale. In contrast, the luminescent device from the ex-
emplary embodiment has a variety of current levels de-
pending on a program voltage and a read voltage, and
thus 256 gray scale levels can be easily realized using
the variety of current levels.
[0060] FIG. 5 is a graph of current versus voltage (I-V)
characteristics when a voltage is applied to the lumines-
cent device in a reverse direction. Referring to FIG. 5, if
a voltage is successively increased in a reverse direction,
a current increases up to a voltage with a predetermined
level, then an NDR region appears in which a current
decreases as a voltage increases, and subsequently a
current increases again as a voltage increases. This is
attributed to a symmetrical structure of the device, and
therefore, the aforesaid mechanism of the case where
the voltage is applied in the forward direction is also ap-
plicable to the case where the voltage is applied in the
reverse direction.
[0061] By the use of this principle, the luminescent de-
vice from the exemplary embodiment performs program
and erase operations by charging and discharging the
nanocrystal layer 150 through application of a program
voltage and an erase voltage, and also emits light using
charges accumulated in the nanocrystal layer 150
through application of a read voltage. Accordingly, it is
possible to perform main operations of a typical nonvol-
atile memory device, for example, program operation,
read operation and erase operation. That is, when a pro-
gram voltage is applied to the luminescent device, charg-
es are accumulated in the nanocrystal layer 150 so that
data ’1’ of logic HIGH is stored. On the contrary, when
an erase voltage is applied to the luminescent device,
charges are discharged from the nanocrystal layer 150
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so that data is erased to ’0’ , i.e., logic LOW. When an
intermediate program voltage, i.e., a voltage of the NDR
region, is applied to the luminescent device, charges are
partially accumulated in the nanocrystal layer 150 so that
data having an intermediate logic level between logic
HIGH and logic LOW is programmed to the luminescent
device. When a read voltage is applied to the luminescent
device, the amount of current flowing through the nanoc-
rystal layer 150 is greatly varied according to whether
the charges are accumulated in the nanocrystal layer
150. Resultingly, this current allows the organic lumines-
cent layer 120 to emit light. Herein, the above-described
logic levels may be changed depending on a measured
current direction.
[0062] FIG. 6 is a graph illustrating current versus pro-
gram/erase cycles when AIDCN is used for the first and
second organic layers 140 and 160. Referring to FIG. 6,
in the case (see the plot 11) where a read voltage of 2 V
is applied after an erase voltage of 10 V is applied, in the
case (see the plot 12) where the read voltage of 2 V is
applied after a first program voltage of 4.5 V is applied,
in the case (see the plot 13) where a read voltage of 2 V
is applied after a second program voltage of 5.3 V is
applied, and in the case (see the plot 14) where the read
voltage of 2 V is applied after a third program voltage of
6 V is applied, constant current levels and four current
states are maintained even if the number of pro-
gram/erase cycles is increased. Thus, it is possible to
realize four gray scales.
[0063] Referring to FIG. 7(a), it can be observed that
a first conductive layer, an organic luminescent layer, a
second conductive layer, a first organic layer, a nanoc-
rystal layer, a second organic layer and a third conductive
layer are distinctly formed. Referring to FIG. 7(b), it can
be observed that a nanocrystal layer including Al nanoc-
rystals and a barrier layer of an amorphous AlxOy sur-
rounding the Al nanocrystals is formed between first and
second organic layers. Herein, it can be also observed
that the plurality of Al nanocrystals is surrounded by the
barrier layer so that the Al nanocrystals are sufficiently
isolated from each other.
[0064] FIG. 8 is a graph illustrating current versus volt-
age (I-V) characteristics of a luminescent device where
α-NPD is used for the first and second organic layers
140 and 160 in accordance with another exemplary em-
bodiment. FIG. 9 is a micrographic view of the lumines-
cent device where α-NPD is used for the first and second
organic layers 140 and 160.
[0065] In this exemplary embodiment, the luminescent
device has a multi-layered structure including a first con-
ductive layer of a 150 nm-thick ITO layer, a hole injection
layer of a 20 nm-thick CuPc layer, a hole transport layer
of a 40 nm-thick α-NPD layer, an organic luminescent
layer of a 60 nm-thick Alq3 layer, an electron injection
layer of a 0.5 nm-thick LiF layer, a second conductive
layer of a 80 nm-thick Al layer, a first organic layer of a
30 nm-thick α-NPD layer, a metal layer of a 10 nm-thick
Al layer, a second organic layer of a 30 nm-thick α-NPD

layer, and a third conductive layer of a 80 nm-thick Al
layer. An oxygen plasma treatment is performed on ITO
of the first conductive layer 110 and Al of the nanocrystal
layer 150. The oxygen plasma treatment for the first con-
ductive layer 110 is performed for approximately 30 sec-
onds to clean the first conductive layer 110 and reduce
a work function, and the oxygen plasma treatment for Al
is performed for approximately 300 seconds so as to form
the nanocrystal layer 150.
[0066] Referring to FIG. 8, when the first and third con-
ductive layers 110 and 170 are respectively connected
to an anode and cathode, and a voltage is applied while
successively increasing its voltage level up to 10 V (see
the plot 21), the amount of current is sharply increased
beyond the threshold voltage of approximately 3.6 V, a
current is maximized at a voltage Vimax of approximately
4.5 V, then the current is slowly decreased in a range of
approximately 4.5 V to approximately 8 V, and the current
is increased again over approximately 8 V. Here, 4.5 V
at which the current is maximum is selected as a first
program voltage, 6 V and 8 V of the NDR region are
respectively selected as a second program voltage and
a third program voltage, and 10 V is selected as an erase
voltage (Ve) from a region where the current is increased
again beyond the NDR region. When the first program
voltage is applied to the luminescent device and a voltage
increased to 4.5 V is then applied again, the amount of
current increases (see the plot 22). When 6 V and 8 V
are applied as the second and third program voltages,
respectively, (see the plots 23 and 24), the current has
an intermediate level between the current level of the plot
21 and the current level of the plot 22.
[0067] From FIG. 8, it can be appreciated that four cur-
rent states are measured at 2 V. An on/off current ratio
(Ion/Ioff) of an on-current (Ion) with high level to an off-
current (Ioff) with low level is approximately 1.64 3 102,
and a current difference between the on-current (Ion) and
the off-current (Ioff) is approximately 102 at the read volt-
age of 2 V. Hence, when α-NPD is used for the first and
second organic layers 140 and 160, operation of the lu-
minescent device can be controlled using the program
voltages (Vp) of 4.5 V, 6 V and 8 V, the erase voltage
(Ve) of 10 V, and the read voltage (Vr) of 2 V. That is,
since the NDR region exists between the threshold volt-
age and the erase voltage, a multi-state gray scale can
be easily realized. Referring to FIG. 9(a), it can be ob-
served that a first conductive layer, an organic lumines-
cent layer, a second conductive layer, a first organic lay-
er, a nanocrystal layer, a second organic layer and a third
conductive layer are distinctly formed. Referring to FIG.
9(b), it can be observed that a nanocrystal layer is pro-
vided with a plurality of nanocrystals and a barrier layer.
Therefore, the plurality of nanocrystals is surrounded by
the barrier layer so that the nanocrystals are sufficiently
isolated from each other.
[0068] FIG. 10 is a graph of current versus voltage il-
lustrating luminescent properties of the luminescent de-
vice where α-NPD is used for the first and second organic
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layers 140 and 160. FIGS. 11 and 12 are a graph and an
optical image illustrating luminescent states of the case
where a read voltage is applied after a program voltage
is applied and the case where a read voltage is applied
after an erase voltage is applied.
[0069] Referring to FIG. 10, when a voltage is applied
in a forward direction while increasing its voltage level
from 0 V to 10 V (see the plot 21), a current slowly in-
creases as a voltage increases, and then sharply increas-
es at the threshold voltage (Vth) of approximately 5 V.
Thereafter, a current slowly increases as a voltage in-
creases, then an NDR region appears at approximately
7 V where a current decreases sharply, and a current
increases again beyond the NDR region. Here, a pro-
gram voltage is 6 V, an erase voltage is 8 V, and a read
voltage is 4 V. When the program voltage of 6 V is applied
in a forward direction, the device is programmed (see the
plot 22). When a voltage increased to the program volt-
age of 6 V is applied again (see plot 23), the amount of
current increases. Referring to FIGS. 11 and 12, there
are shown the luminescent state of the case where the
read voltage is applied after the erase voltage is applied,
and the luminescent state of the case where the read
voltage is applied after the program voltage is applied.
As illustrated in FIG. 11, even though the same read volt-
age (Vr) is applied, it can be observed that luminescent
brightness by the read voltage (Vr) is very low in the case
where the read voltage (Vr) is applied after the erase
voltage (Ve) is applied, whereas light with sufficient
brightness is emitted in the case where the read voltage
(Vr) is applied after the program voltage (Vp) is applied.
That is, as illustrated in FIG. 12, light is not emitted when
the read voltage is applied after the erase voltage is ap-
plied, however, light is emitted when the read voltage is
applied after the program voltage is applied.
[0070] FIG. 13 is a graph illustrating current versus
voltage (I-V) characteristics of a luminescent device
where Alq3 is used for the first and second organic layers
140 and 160 in accordance with yet another exemplary
embodiment. In this exemplary embodiment, the lumi-
nescent device has a multi-layered structure including a
first conductive layer of a 150 nm-thick ITO layer, a hole
injection layer of a 20 nm-thick CuPc layer, a hole trans-
port layer of a 40 nm-thick α-NPD layer, an organic lu-
minescent layer of a 60 nm-thick Alq3 layer, an electron
injection layer of a 0.5 nm-thick LiF layer, a second con-
ductive layer of a 80 nm-thick Al layer, a first organic layer
of a 30 nm-thick Alq3 layer, a metal layer of a 10 nm-
thick Al layer, a second organic layer of a 30 nm-thick
Alq3 layer, and a third conductive layer of a 80 nm-thick
Al layer. An oxygen plasma treatment is performed on
ITO of the first conductive layer 110 and Al of the nanoc-
rystal layer 150. The oxygen plasma treatment for the
first conductive layer 110 is performed for approximately
30 seconds to clean the first conductive layer 110 and
reduce a work function, and the oxygen plasma treatment
for Al is performed for approximately 300 seconds to form
the nanocrystal layer 150.

[0071] Referring to FIG. 13, when the first and third
conductive layers 110 and 170 are respectively connect-
ed to an anode and cathode, and a voltage is applied in
a forward direction while successively increasing its volt-
age level up to 10 V (see the plot 31), the amount of
current is sharply increased beyond the threshold voltage
of approximately 3.3 V, a current is maximized at a volt-
age Vimax of 4.4 V, then the current is slowly decreased
in a range of approximately 4.4 V to approximately 7 V,
and the current is increased again over approximately 7
V. Here, 4.4 V at which the current is maximum is selected
as a first program voltage, 5.5 V and 7 V of the NDR
region are selected as a second program voltage and a
third program voltage, respectively, and 10 V is selected
as an erase voltage from a region where the current is
increased again over the NDR region. When the first pro-
gram voltage is applied to the luminescent device and
then a voltage increased up to 4.4 V is applied again, the
amount of current increases (see the plot 32). When 5.5
V and 7 V in the NDR region are applied as the second
and third program voltages, respectively, and then volt-
ages increased up to 5.5 V and 7 V are applied again
(see the plots 33 and 34), the current has an intermediate
level between the current level of the plot 31 and the
current level of the plot 32.
[0072] From FIG. 13, it can be appreciated that there
are four current states at 2 V. An on/off current ratio
(Ion/Ioff) of an on-current (Ion) with high level to an off-
current (Ioff) with low level is approximately 7.63 102,
and a current difference between the on-current (Ion) and
the off-current (Ioff) is approximately 102 at the read volt-
age of 2 V. Hence, when Alq3 is used for the first and
second organic layers 140 and 160, operation of the lu-
minescent device can be controlled using the program
voltages (Vp) of 4.4 V, 5.5 V and 7 V, the erase voltage
(Ve) of 10 V, and the read voltage (Vr) of 2 V. That is,
since the NDR region exists between the threshold volt-
age and the erase voltage, a multi-state gray scale can
be easily realized.
[0073] FIG. 14 is a graph of current versus voltage il-
lustrating luminescent properties when Alq3 is used for
the first and second organic layers 140 and 160. FIGS.
15 and 16 are a graph and an optical image illustrating
luminescent states of the case where the read voltage is
applied after the erase voltage is applied, and the case
where the read voltage is applied after the program volt-
age is applied.
[0074] Referring to FIG. 14, when a voltage is applied
in a forward direction while increasing its voltage level
from 0 V to 10 V, a current slowly increases as a voltage
increases, and then sharply increases at the threshold
voltage (Vth1) of approximately 4 V. Thereafter, a current
slowly increases as a voltage increases, and the current
has the maximum level at approximately 5 V. Thereafter,
an NDR region appears at approximately 6 V where a
current decreases sharply, and a current increases again
after the NDR region. Here, a program voltage (Vp1) is
5 V, an erase voltage (Ve1) is 9 V, and a read voltage
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(Vr1) is 2 V. When the device is programmed by 5 V and
then a voltage increased to 5 V is applied in a forward
direction, the amount of current increases more than be-
fore.
[0075] Likewise, when a voltage is applied in a reverse
direction while increasing its voltage level from 0 V to -10
V, a current sharply increases at the threshold voltage
(Vth2) of approximately -4 V. Thereafter, a current slowly
increases as a voltage increases, and the current has
the maximum level at approximately -5 V. Thereafter, an
NDR region appears at approximately -6 V where a cur-
rent decreases sharply, and a current increases again
beyond the NDR region. Here, a program voltage (Vp2)
is -5 V, an erase voltage (Ve2) is -10 V, and a read voltage
(Vr2) is -2 V.
[0076] Referring to FIGS. 15 and 16, there are shown
the luminescent state of the case where the read voltage
(Vr) is applied after the erase voltage (Ve1) is applied,
and the luminescent state of the case where the read
voltage (Vr) is applied after the program voltage (Vp1) is
applied. As illustrated in FIG. 16, it can be observed that
the luminescent device emits light in the case where the
read voltage is applied after the program voltage is ap-
plied, whereas the luminescent device does not emit light
in the case where the read voltage is applied after the
erase voltage is applied.
[0077] Hereinafter, a method of manufacturing the lu-
minescent device will be described in detail.
[0078] FIGS. 17 through 20 are cross-sectional views
illustrating a method of manufacturing a luminescent de-
vice. Specifically, a nanocrystal layer is formed through
oxidation process in this method of FIGS. 17 through 20.
[0079] Referring to FIG. 17, a first conductive layer 110
is formed on a substrate 100. Herein, the substrate 100
may be formed using a transparent substrate, for exam-
ple, a transparent conductive substrate or a glass sub-
strate. If the transparent conductive substrate is used as
the substrate 100, an insulation layer should be formed
on the transparent conductive substrate. The insulation
layer is formed of an oxide- or nitride-based material. The
first conductive layer 110 may be formed of a conductive
metal or an oxide thereof, which allows holes to be in-
jected easily. For instance, the first conductive layer 110
may be formed of indium tin oxide (ITO), indium zinc ox-
ide (IZO), gold (Au), silver (Ag), platinum (Pt), etc. The
first conductive layer 110 is formed to a thickness ranging
from approximately 100 nm to approximately 200 nm.
Particularly, the first conductive layer 110 may be formed
to approximately 150 nm thick. Thereafter, the substrate
100 where the first conductive layer 110 is formed is
cleaned, and then UV and ozone treatment may be per-
formed. The cleaning process may be performed using
an organic solvent such as isopropanol (IPA) and ace-
tone. A plasma treatment may be performed on the
cleaned IT0 substrate.
[0080] A hole injection layer (not shown), a hole trans-
port layer (not shown), an organic luminescent layer 120
and an electron injection layer (not shown) are sequen-

tially formed over the substrate 100 where the first con-
ductive layer 110 is formed. The hole injection layer may
be formed through vacuum thermal evaporation or spin-
coating technique using CuPc or starburst type amines
such as TCTA and m-MTDATA. The hole transport layer
may be formed through vacuum thermal evaporation or
spin-coating technique using α-NPD. The organic lumi-
nescent layer 120 may also be formed through vacuum
thermal evaporation or spin-coating technique using a
high-molecular material or a low-molecular material. The
electron injection layer may also be formed through vac-
uum thermal evaporation or spin-coating technique using
LiF, NaCl, CsF, Li2O, BaO, Liq, or the like. The hole in-
jection layer, the hole transport layer, the organic lumi-
nescent layer 120 and the electron injection layer are
respectively formed in a thickness range of approximate-
ly 10 nm to approximately 30 nm, a thickness range of
approximately 10 nm to approximately 80 nm, a thickness
range of approximately 10 nm to approximately 100 nm,
and a thickness range of approximately 0.1 nm to ap-
proximately 1nm. Desirably, the hole injection layer, the
hole transport layer, the organic luminescent layer 120
and the electron injection layer may be formed to a thick-
ness of 20 nm, 40 nm, 60 nm, and 0.5 nm, respectively.
[0081] A second conductive layer 130 is formed on the
organic luminescent layer 120. The second conductive
layer 130 may be formed using vacuum thermal evapo-
ration. The second conductive layer 130 may be formed
of Al to a thickness ranging from approximately 20 nm to
approximately 150 nm.
[0082] Referring to FIG. 18, a first organic layer 140 is
formed on the second conductive layer 130. The first or-
ganic layer 140 is formed by evaporating an organic ma-
terial under conditions that a pressure inside a chamber
is in the range of approximately 10-6 Pa to approximately
10-3 Pa, a deposition rate is maintained at approximately
0.2 Å/s to approximately 2 Å/s, and a temperature is in
the range of approximately 150 °C to approximately 400
°C. The first organic layer 140 may be formed using AID-
CN to a thickness ranging from approximately 20 nm to
approximately 150 nm.
[0083] Referring to FIGS. 19 and 21, a nanocrystal lay-
er 150 is formed on the first organic layer 140. In order
for the nanocrystal layer 150 to have a uniform thickness
of approximately 1 nm to approximately 30 nm, a metal
layer 150a is deposited on the first organic layer 140, and
then an oxidation process is performed using oxygen
plasma to form the nanocrystal layer 150. To this end,
under conditions that a pressure inside a chamber is in
the range of approximately 10-6 Pa to approximately 10-3

Pa, a deposition rate is maintained at approximately 0.1
Å/s to approximately 5.0 Å/s, and a temperature is in the
range of approximately 800 °C to approximately 1,500
°C, the metal layer 150a with a thickness of approximately
1 nm to approximately 30 nm is formed on the first organic
layer 140 by evaporating, for example, aluminum.
[0084] At this time, since the metal layer 150a has a
high deposition rate, it is not formed in a nanocrystal
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shape but formed in the shape of a metal thin film having
a grain boundary, which is illustrated in FIG. 21(a).
[0085] Afterwards, the substrate 100 with the metal lay-
er 150a formed thereon is loaded into a chamber for ox-
idation. The oxidation is performed by applying an RC
power in the range of approximately 50 W to approxi-
mately 300 W, and an AC bias in the range of approxi-
mately 100 V to approximately 200 V, and supplying ox-
ygen (O2) gas at a flow rate of approximately 100 sccm
to approximately 200 sccm under a pressure of approx-
imately 0.5 Pa to approximately 3.0 Pa. At this time, the
oxidation process may be performed for approximately
30 seconds to approximately 500 seconds.
[0086] Resultingly, as illustrated in FIG. 21(b), oxygen
plasma penetrates into the metal layer 150a along grain
boundaries, and the metal layer 150a is thus oxidized
along the grain boundaries. Therefore, as illustrated in
FIG. 21(c), nanocrystals 151 having the same size are
formed and a barrier layer 152 of an amorphous layer is
formed on surfaces of the nanocrystals 151. The nanoc-
rystal layer 150 may be formed to a thickness ranging
from approximately 1 nm to approximately 30 nm accord-
ing to a thickness of the metal layer 150a. Of course, the
metal layer 150a may be formed thickly. However, if the
metal layer 150a has a very great thickness, e.g., 150
nm or greater, the oxygen plasma cannot sufficiently pen-
etrate into the grain boundaries of the metal layer 150a
and thus the nanocrystal layer 150 may not be formed
effectively. As illustrated in FIG. 21(d), after the oxidation
process is completed, the nanocrystal layer 150 may be
configured with the nanocrystals 151 and the barrier layer
152 of AlxOy surrounding the nanocrystals 151.
[0087] The nanocrystal layer 150 may be formed in
plurality by repeating the deposition of the metal layer
150a and the oxidation process several times. At this
time, the plurality of nanocrystal layers 150 may have the
same thickness or different thicknesses depending on a
deposition thickness of the metal layers 150a. Particu-
larly, it is effective that the nanocrystal layer 150 has a
multi-layered structure of 1 to 10 layers with the same
thickness.
[0088] Referring to FIG. 20, a second organic layer 160
is formed on the nanocrystal layer 150. The second or-
ganic layer 160 is formed by evaporating an organic ma-
terial under conditions that a pressure inside a chamber
is in the range of approximately 10-5 Pa to approximately
10-3 Pa, a deposition rate is maintained at approximately
0.2 Å/s to approximately 2 Å/s, and a temperature is in
the range of approximately 150 °C to approximately 400
°C. The second organic layer 160 may be formed using
AIDCN to a thickness ranging from approximately 10 nm
to approximately 100 nm.
[0089] A third conductive layer 170 is formed on the
substrate 100 including the second organic layer 160.
The third conductive layer 170 is formed by evaporating
a metallic material under conditions that a pressure inside
a chamber is in the range of approximately 10-6 Pa to
approximately 10-3 Pa, a deposition rate is maintained

at approximately 2 Å/s to approximately 7 Å/s, and a tem-
perature is in the range of approximately 1,000 °C to ap-
proximately 1,500 °C. Especially, the third conductive
layer 170 may be formed of Al to a thickness ranging
from approximately 20 nm to approximately 150 nm.
[0090] The forming processes of the above layers may
be performed in-situ in a vacuum atmosphere. That is, a
conductive layer, an organic layer and a nanocrystal layer
may be deposited in chambers inside a single deposition
system. For example, the deposition may be implement-
ed in a single deposition system where a chamber for a
conductive layer, a chamber for an organic layer, a cham-
ber of generating plasma for oxidation, a cooling cham-
ber, a load-lock chamber and a shadow mask chamber
are connected to one transfer module. When the sub-
strate is transferred from a chamber for depositing the
conductive layer to a chamber for depositing the organic
layer, the substrate can be transferred within the transfer
module in a vacuum state without exposure to air. How-
ever, the present invention is not limited to the single
deposition system, and thus the chambers may be con-
nected to different systems, respectively.
[0091] In the description above, the luminescent de-
vice can be manufactured through a shadow mask and
a vacuum evaporation without an etching process. How-
ever, the present invention is not limited thereto, and thus
the luminescent device can be manufactured through a
variety of methods. The conductive layer, the organic lay-
er and the nanocrystal layer may be formed through an
E-beam deposition process, a sputtering process, a
chemical vapor deposition (CVD) process, metal organic
CVD (MOCVD), a molecular beam epitaxy (MBE) proc-
ess, physical vapor deposition (PVD), or atomic layer
deposition (ALD) as well as a thermal evaporation proc-
ess. The conductive layer and the organic layer may be
formed over a resultant structure, and then patterned into
predetermined shapes through a patterning process.
That is, the conductive layer may be formed in such a
way that a conductive material is formed on the substrate,
and thereafter the conductive layer except for a region
used for the conductive layer is removed through an etch-
ing process. In addition, the oxidation process may be
performed using wet or dry oxidation.
[0092] In the method of manufacturing the luminescent
device, the first and second organic layers 140 and 160
are formed of a low-molecular material such as AIDCN,
Alq3 or α-NPD, and the nanocrystal layer 150 is formed
by oxidizing the metal layer using oxygen plasma. Alter-
natively, the first and second organic layers 140 and 160
may be formed of a high-molecular material, and the na-
nocrystal layer may be formed through various methods
such that the nanocrystals are surrounded by the barrier
layer besides the method of forming the nanocrystal layer
150 through metal oxidation. Herebelow, another method
of manufacturing a luminescent device will be described,
in which the first and second organic layers 140 and 160
are formed of a high-molecular material. For convenience
in description, duplicate descriptions will be omitted here-
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in.
[0093] FIGS. 22(a) through 22(c) are cross-sectional
views illustrating another method of manufacturing a lu-
minescent device.
[0094] In this method, an organic layer is formed of a
high-molecular material, and the nanocrystal layer is
formed through a deposition and curing process.
[0095] Referring to FIG. 22(a), a first conductive layer
110 is formed on a substrate 100. An organic luminescent
layer 120, a second conductive layer 130 and a first or-
ganic layer 140 are formed on the first conductive layer
110. Herein, the first organic layer 140 may be formed
of a high-molecular material such as PVK and Ps through
spin-coating technique.
[0096] Referring to FIG. 22(b), a first barrier layer 180,
a metal layer 150a, a second barrier layer 185, and a
second organic layer 160 are sequentially formed on the
first organic layer 140. Herein, the first and second barrier
layers 180 and 185 serve as an electron tunneling barrier
that surrounds nanocrystals in a nanocrystal layer. The
first and second barrier layers 180 and 185 may be
formed using a metal oxide such as Al2O3 and TiO2
through an ALD process. The metal layer 150a may be
formed through a deposition process using an oxidizable
material or a non-oxidizable material. In particular, the
metal layer 150a may be formed of Au to a thickness
ranging from approximately 1 nm to approximately 10
nm. The second organic layer 160 may be formed in like
manner as the first organic layer 140. For example, the
second organic layer 160 may be formed through a spin-
coating process using a high-molecular material such as
PVK or Ps.
[0097] Referring to FIG. 22(c), a curing process is per-
formed after the second organic layer 160 is formed. The
first and second barrier layers 180 and 185 disposed over
and under the metal layer 150a surround metal nanoc-
rystals 151 in the metal layer 150a. As a result, a nanoc-
rystal layer 150 is formed, which includes the nanocrys-
tals 151 and a barrier layer 153 surrounding the nanoc-
rystals 151. The curing process may be performed at
approximately 150 °C to approximately 300 °C for ap-
proximately 0.5 hour to approximately 4 hours. After
forming the nanocrystal layer 150, a third conductive lay-
er 170 is formed on the substrate 100 including the sec-
ond organic layer 160.
[0098] In this method of manufacturing a luminescent
device, a stacked structure, in which the first organic layer
140, the first barrier layer 180, the metal layer 150a, the
second barrier layer 185 and the second organic layer
160 are sequentially formed, is cured to form the nanoc-
rystal layer 150 including the nanocrystals 151 and the
barrier layer 153 surrounding the nanocrystals 151, and
the first and second organic layers 140 and 160 are
formed of a high-molecular material. This method also
makes it possible to ensure stable device characteristics
in that a nanocrystal layer with uniform size and distribu-
tion can be formed in the luminescent device.
[0099] FIGS. 23(a) through 23(c) are cross-sectional

views illustrating yet another method of manufacturing a
luminescent device. In this method, an organic layer and
a nanocrystal layer are formed by depositing an organic
material with nanocrystals dispersed therein.
[0100] Referring to FIG. 23(a), a first conductive layer
110 is formed on a substrate 100, then an organic lumi-
nescent layer 120 is formed on the first conductive layer
110, and thereafter a second conductive layer 130 is
formed.
[0101] Referring to FIG. 23(b), an organic layer 145
wherein a plurality of nanocrystals 151 is dispersed is
formed on the second conductive layer 130. Here, barrier
layers 154 are formed to surround the respective nanoc-
rystals 151. A method of forming an organic material in
which the nanocrystals 151 surrounded by the barrier
layers 154 are dispersed will be described later with ref-
erence to FIG. 24. The organic layer may be formed
through spin-coating and thermal treatment. For exam-
ple, the organic layer 145 may be formed by dropping an
organic material with the nanocrystals 151 dispersed
therein onto the substrate 100 while rotating the substrate
100 at approximately 1,500 rpm to approximately 3.000
rpm, and then performing the thermal treatment at ap-
proximately 100 °C to approximately 150 °C for approx-
imately 30 minutes to approximately 90 minutes. Herein,
the substrate 100 may be further rotated for approximate-
ly 50 seconds to approximately 100 seconds after the
organic material is dropped, allowing the organic material
to be conformally coated.
[0102] Referring to FIG. 23(c), a third conductive layer
170 is formed on the substrate 100 including the organic
layer 145.
[0103] In this method of forming the luminescent de-
vice, the barrier layers 154 surrounding the respective
nanocrystals 151 serve as a tunneling barrier, and the
organic layer 145 serves as a Schottky barrier. Alterna-
tively, the nanocrystals 151 may be dispersed into the
organic layer 145 without the formation of the barrier lay-
ers 154. Even in this case, the organic layer 145 serves
as a Schottky barrier. Compared to the case where the
barrier layers 154 are not formed, it is possible to improve
device reliability and endurance if the barrier layers 154
are formed to surround the nanocrystals 151.
[0104] FIG. 24 illustrates a method of forming the or-
ganic layer in FIG. 23(b) using organic material with na-
nocrystals surrounded by barrier layers dispersed there-
in.
[0105] First, operations illustrated in FIGS. 24(a)
through (e) are performed to synthesize the nanocrystals
151 surrounded by the barrier layers 154.
[0106] Referring to FIG. 24(a), a metal salt aqueous
solution is prepared by dissolving a metal salt of HAuCl4
into water solvent, e.g., DI water. The metal salt is ionized
in H+ and AuCl4- forms in the metal salt aqueous solution,
and acts as Au source. A toluene solution including ion-
ized tetraoctylammonium (TOAB) is prepared by dissolv-
ing TOAB into non-aqueous solvent, e.g., toluene. The
ionized TOAB acts as a phase transfer catalyst allowing
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a metal-containing ion of AuCl4- to move into the toluene
solution during a subsequent process.
[0107] Thereafter, referring to FIG. 24(b), the metal
containing ions of AuCl4- move to the toluene solution by
agitating the metal salt aqueous solution and the toluene
solution with the TOAB dissolved therein. The agitation
may be performed at approximately 500 rpm or higher.
[0108] Carbazole terminated thiol (CB) as a stabilizer
allowing Au nanocrystals to be uniformly dispersed is
added into the toluene solution, and the resultant mixture
is then agitated. At this time, the agitation may be per-
formed for approximately 5 minutes to approximately 20
minutes. The molecular formula of the CB stabilizer is
C23H31NS, and its chemical name is 11-carbazolyl do-
decane thiol.
[0109] Subsequently, referring to FIG. 24(c), sodium
borohydride (NaBH4) as a reducing agent for reducing
AuCl4- is added into the toluene solution with the CB add-
ed, and the resultant mixture is then agitated. At this time,
the agitation may be performed at a room temperature
for approximately 3 hours to approximately 10 hours at
approximately 500 rpm or higher.
[0110] Resultingly, referring to FIG. 24(d), a combina-
tion material of an Au nanocrystal and the CB is formed
in the toluene solution. Since the CB is formed to sur-
round the Au nanocrystal, it serves as not only a stabilizer
but also an electron tunneling barrier similar to barrier
materials.
[0111] Afterwards, referring to FIG. 24(e), the combi-
nation material of the Au nanocrystal and the CB is left
remaining by evaporating the toluene solvent. This evap-
oration may be performed under a relatively low-pressure
condition of approximately -105 Pa (-1 bar) or lower in a
rotary evaporator.
[0112] Next, referring to FIG. 24(f), the combination
material of the Au nanocrystal and the CB is dissolved
into chloroform to be mixed with a high-molecular mate-
rial. A high-molecular material, e.g., PVK, is mixed into
the chloroform solution.
[0113] Finally, referring to FIG. 24(g), a final product
solution is produced, in which the Au nanocrystal sur-
rounded by the CB and the high-molecular material are
mixed. This final product solution is spin-coated on the
substrate to thereby form the organic layer 145 illustrated
in FIG. 23(b). In this method, the nanocrystals 151 dis-
persed in the organic layer 145 may be Au, and the barrier
layers 154 surrounding the nanocrystals 151 may be CB.
[0114] Even in the case of employing this method, it is
possible to form the nanocrystals with uniform size and
distribution. In particular, this method is advantageous in
that a manufacturing process is simple and mass-pro-
duction is possible because the nanocrystal layer includ-
ing the nanocrystals can be formed at a time through spin
coating.
[0115] Although the organic luminescent layer is
formed on the substrate first, and then the charge trap-
ping layer including the nanocrystal layer is formed on
the organic luminescent layer, this process sequence is

not limited thereto. That is, the charge trapping layer in-
cluding the nanocrystal layer may be formed on the sub-
strate first, and then the organic luminescent layer may
be formed on the charge trapping layer.
[0116] Further, it is possible to manufacture a top emis-
sion type luminescent device or a bottom emission type
luminescent device using different electrode materials.

Claims

1. A method for driving a luminescent device compris-
ing: first, second, and third conductive layers (110,
130, 170) spaced apart from each other; an organic
luminescent layer (120) provided between the first
and second conductive layers (110, 130), the organic
luminescent layer (120) generating light through the
recombination of holes and electrons; and a charge
trapping layer provided between the second and
third conductive layers (130, 170), the charge trap-
ping layer having bistable conductance and negative
differential resistance characteristics, also referred
to as NDR characteristics, and allowing charging and
discharging, characterized in that,
a program voltage or an erase voltage is applied be-
tween the first and third conductive layers (110, 170)
so that a voltage difference is generated between
the first and third conductive layers (110, 170), and
thus charges are charged or discharged in the
charge trapping layer and the luminescent device
performs a program or an erase operation, and a
read voltage is applied between the first and third
conductive layers (110, 170) after the program op-
eration of the luminescent device to inject the charg-
es trapped in the charge trapping layer into the or-
ganic luminescent layer (120), and thus the organic
luminescent layer (120) emits light and the lumines-
cent device performs a read operation, wherein an
absolute value of the erase voltage is set greater
than that of the program voltage, and an absolute
value of the read voltage is set smaller than that of
the program voltage.

2. The method of claim 1, wherein the luminescent de-
vice further comprises at least one of a hole injection
layer and a hole transport layer disposed between
the organic luminescent layer (120) and the first con-
ductive layer (110).

3. The method of claim 1 or 2, wherein the luminescent
device further comprises at least one of an electron
transport layer and an electron injection layer dis-
posed between the organic luminescent layer (120)
and the second conductive layer (130).

4. The method of any one of the claims 1 to 3, wherein
the charge trapping layer comprises an organic layer
(140, 160).
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5. The method of claim 4, wherein the charge trapping
layer further comprises a nanocrystal layer (150)
comprising a plurality of nanocrystals (151) inter-
vened in the organic layer (140, 160).

6. The method of claim 5, wherein the nanocrystal layer
(150) further comprises a barrier layer (152) sur-
rounding the plurality of nanocrystals (151).

7. The method of claim 5 or 6, wherein the plurality of
nanocrystals (151) comprises at least one of Al, Ti,
Zn, Fe, Ni, Cu, Au, Ag and an alloy thereof.

8. The method of any one of the claims 1 to 7, wherein
program voltages having a plurality of levels are ap-
plied between the first conductive layer (110) and
the third conductive layer (170) to perform the pro-
gram operation, and the program voltages are se-
lected in the range from a threshold voltage of the
luminescent device to an NDR region existing in the
luminescent device, and driving currents required for
light-emitting operation of the luminescent device
having a plurality of levels are output during the read
operation depending on the levels of the program
voltages.

9. The method of any one of the claims 1 to 8, wherein
read voltages having a plurality of levels are applied
between the first conductive layer (110) and the third
conductive layer (170) to perform the read operation,
and the read voltages are selected from a range less
than the threshold voltage of the luminescent device,
and driving currents required for light-emitting oper-
ation of the luminescent device having a plurality of
levels are output during the read operation depend-
ing on the levels of the read voltages.

Patentansprüche

1. Verfahren zum Ansteuern einer Lumineszenzvor-
richtung, die eine erste, eine zweite und eine dritte
leitfähige Schicht (110, 130, 170), die voneinander
beabstandet sind, eine organische Lumineszenz-
schicht (120), die zwischen der ersten und der zwei-
ten leitfähigen Schicht (110, 130) vorgesehen ist,
wobei die organische Lumineszenzschicht (120)
Licht durch Rekombination von Löchern und Elek-
tronen erzeugt, und eine Ladungseinfangschicht
aufweist, die zwischen der zweiten und der dritten
leitfähigen Schicht (130, 170) vorgesehen ist, wobei
die Ladungseinfangschicht eine bistabile Leitfähig-
keit und eine negative differentielle Widerstandscha-
rakteristik aufweist, die auch als NDR-Charakteristik
bezeichnet wird, und ein Laden und Entladen ermög-
licht,

dadurch gekennzeichnet, dass

eine Programmierspannung oder eine Lösch-
spannung zwischen der ersten und der dritten
leitfähigen Schicht (110, 170) angelegt wird, so
dass eine Spannungsdifferenz zwischen der
ersten und der dritten leitfähigen Schicht (110,
170) erzeugt wird und somit Ladungen in der
Ladungseinfangschicht aufgeladen oder entla-
den werden und die Lumineszenzvorrichtung ei-
nen Programmier- oder einen Löschvorgang
ausführt, und
nach dem Programmiervorgang der Lumines-
zenzvorrichtung eine Lesespannung zwischen
der ersten und der dritten leitfähigen Schicht
(110, 170) angelegt wird, um die Ladungen, die
in der Ladungseinfangschicht gefangen sind, in
die organische Lumineszenzschicht (120) zu in-
jizieren, so dass die organische Lumineszenz-
schicht (120) Licht emittiert und die Lumines-
zenzvorrichtung einen Lesevorgang ausführt,
wobei
ein Absolutwert der Löschspannung auf einen
größeren Wert eingestellt ist als derjenige der
Programmierspannung und ein Absolutwert der
Lesespannung auf einen kleineren Wert einge-
stellt ist als derjenige der Programmierspan-
nung.

2. Verfahren nach Anspruch 1, wobei die Lumines-
zenzvorrichtung ferner eine Lochinjektionsschicht
und/oder eine Lochtransportschicht aufweist, die
zwischen der organischen Lumineszenzschicht
(120) und der ersten leitfähigen Schicht (110) ange-
ordnet ist.

3. Verfahren nach Anspruch 1 oder 2, wobei die Lumi-
neszenzvorrichtung ferner eine Elektronentrans-
portschicht und/oder eine Elektroneninjektions-
schicht aufweist, die zwischen der organischen Lu-
mineszenzschicht (120) und der zweiten leitfähigen
Schicht (130) angeordnet ist.

4. Verfahren nach einem der Ansprüche 1 bis 3, wobei
die Ladungseinfangschicht eine organische Schicht
(140, 160) aufweist.

5. Verfahren nach Anspruch 4, wobei die Ladungsein-
fangschicht ferner eine Nanokristallschicht (150)
aufweist, die mehrere Nanokristalle (151) aufweist,
die der organischen Schicht (140, 160) beigemischt
sind.

6. Verfahren nach Anspruch 5, wobei die Nanokristall-
schicht (150) ferner eine Sperrschicht (152) auf-
weist, die die mehreren Nanokristalle (151) umgibt.

7. Verfahren nach Anspruch 5 oder 6, wobei die meh-
reren Nanokristalle (151) mindestens ein Element
unter Al, Ti, Zn, Fe, Ni, Cu, Au, Ag und einer Legie-
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rung davon aufweisen.

8. Verfahren nach einem der Ansprüche 1 bis 7, wobei

Programmierspannungen mit mehreren Pegeln
zwischen der ersten leitfähigen Schicht (110)
und der dritten leitfähigen Schicht (170) ange-
legt werden, um den Programmiervorgang aus-
zuführen, und wobei die Programmierspannun-
gen im Bereich von einer Schwellenspannung
der Lumineszenzvorrichtung bis zu einem in der
Lumineszenzvorrichtung vorhandenen NDR-
Bereich ausgewählt werden, und
Treiberströme, die für den Lichtemissionsbe-
trieb der Lumineszenzvorrichtung erforderlich
sind, mit mehreren Pegeln während des Lese-
vorgangs in Abhängigkeit von den Pegeln der
Programmierspannungen ausgegeben werden.

9. Verfahren nach einem der Ansprüche 1 bis 8, wobei

Lesespannungen mit mehreren Pegeln zwi-
schen der ersten leitfähigen Schicht (110) und
der dritten leitfähigen Schicht (170) angelegt
werden, um den Lesevorgang auszuführen,
die Lesespannungen aus einem Bereich ausge-
wählt werden, der niedriger ist als die Schwel-
lenspannung der Lumineszenzvorrichtung, und
Treiberströme, die für den Lichtemissionsbe-
trieb der Lumineszenzvorrichtung erforderlich
sind, mit mehreren Pegeln während des Lese-
vorgangs in Abhängigkeit von den Pegeln der
Lesespannungen ausgegeben werden.

Revendications

1. Procédé de commande d’un dispositif luminescent
comprenant : des première, deuxième et troisième
couche conductrices (110, 113, 170) distantes les
unes des autres, une couche luminescente organi-
que (120) fournie entre les première et deuxième
couches conductrices (110, 130), la couche lumines-
cente organique (120) générant de la lumière par
recombinaison de trous et d’électrons ; et une cou-
che de piégeage de charges fournie entre les deuxiè-
me et troisième couches conductrices (130, 170), la
couche de piégeage de charges ayant une conduc-
tance bistable et des caractéristiques de résistance
différentielle négative, également appelées caracté-
ristiques RDN, et permettant la charge et la déchar-
ge, caractérisé en ce que,
une tension de programmation ou une tension d’ef-
facement est appliquée entre les première et troisiè-
me couches conductrices (110, 170) de sorte qu’une
différence de tension est générée entre les première
et troisième couches conductrices (110, 170), et
qu’ainsi les charges soient chargées ou déchargées

dans la couche de piégeage de charges et que le
dispositif luminescent mette en oeuvre une opéra-
tion de programmation ou une opération d’efface-
ment, et
une tension de lecture est appliquée entre les pre-
mière et troisième couches conductrices (110, 170)
après l’opération de programmation du dispositif lu-
minescent d’injecter les charges piégées dans la
couche de piégeage de charges dans la couche lu-
minescente organique (120), afin que la couche lu-
minescente organique (120) émette de la lumière et
que le dispositif luminescent mette en oeuvre une
opération de lecture,
dans lequel une valeur absolue de la tension d’effa-
cement est fixée au-dessus de celle de la tension de
programmation, et une valeur absolue de la tension
de lecture est fixée au-dessous de celle de la tension
de programmation.

2. Procédé selon la revendication 1, dans lequel le dis-
positif luminescent comprend en outre au moins une
d’une couche d’injection de trous et une couche de
transport de trous, disposée entre la couche lumi-
nescente organique (120), et la première couche
conductrice (110).

3. Procédé selon la revendication 1 ou la revendication
2, dans lequel le dispositif luminescent comprend en
outre au moins une d’une couche de transport d’élec-
trons et une couche d’injection d’électrons disposée
ente la couche organique luminescente (120) et la
deuxième couche conductrice (130).

4. Procédé selon l’une quelconque des revendications
1 à 3, dans lequel la couche de piégeage de charges
comprend une couche organique (140, 160).

5. Procédé selon la revendication 4, dans lequel la cou-
che de piégeage de charges comprend en outre une
couche nanocristalline (150) comprenant une plura-
lité de nanocristaux (151) intercalés dans la couche
organique (140, 160).

6. Procédé selon la revendication 5, dans lequel la cou-
che nanocristalline (150) comprend en outre une
couche barrière (152) entourant la pluralité de na-
nocristaux (151).

7. Procédé selon la revendication 5 ou la revendication
6, dans lequel la pluralité de nanocristaux (151) com-
prend au moins un de Al, Ti, Zn, Fe, Ni, Cu, Au, Ag
et un alliage de ceux-ci.

8. Procédé selon l’une quelconque des revendications
1 à 7, dans lequel les tensions de programmation
ayant une pluralité de niveaux sont appliquée entre
la première couche conductrice (110) et la troisième
couche conductrice (170) pour mettre en oeuvre
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l’opération de programmation, et les tensions de pro-
grammation sont sélectionnées dans une plage par-
tant d’une tension de seuil du dispositif luminescent
à une région RDN existant dans le dispositif lumi-
nescent, et des courants de commande requis pour
l’opération d’émission de lumière du dispositif lumi-
nescent ayant une pluralité de niveaux sont produits
pendant l’opération de lecture selon les niveaux de
tensions de programmation.

9. Procédé selon l’une quelconque des revendications
1 à 8, dans lequel les tensions de lecture ayant une
pluralité de niveaux sont appliquées entre la premiè-
re couche conductrice (110) et la troisième couche
conductrice (170) pour mettre en oeuvre l’opération
de lecture, et les tensions de lecture sont sélection-
nées dans une plage inférieure à la tension de seuil
du dispositif luminescent, et des courants de com-
mande requis pour l’opération d’émission de lumière
du dispositif luminescent ayant une pluralité de ni-
veaux sont produits pendant l’opération de lecture
selon les niveaux de tension de lecture.
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